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While a drill formed by inseparably and integrally connecting the aforementioned cutting portion and 
shank can be continuously used by resharpening the cutting portion every prescribed operating time, the 
frequency of such resharpening is restricted, and the cost is increased. Further, sharpness and the tool life 
are dispersed depending . on conditions of the resharpening operation, tn addition, it is necessary to 
5 successively correctly comprehend the length of the drill in response to numerical control and automation of 
a cutting machine to which the drill is applied. Thus, the length of the drill must be measured, through 
complicated operation every time the same is resharpened. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a throw-away tipped drill comprising an. insert having 
excellent wear resistance as well as adhesion resistance and a shank having sufficient toughness against 
breakage, which requires no ; resharpening for continuous use. 

In order to attain the aforementioned object, a throw-away tipped drill having the features, of claim l is 
75 provided. Such a throw-away tipped drill comprises an, insert for cutting, a workpiece and a shank to be 
mounted on a prescribed position of a cutting, machine, and the insert is disengageably mechanically 
connected with the shank. The insert is formed of a silicon carbide whisker reinforced alumina sintered 
body, and the shank is made of steel. 
, ■ Preferably the silicon carbide whisker reinforced - alumina sintered body forming the insert is prepared 
20 from a sintered body of alumina containing 3.0 to 40 volume percent of silicon carbide, whiskers (aspect 
ratio: 3 to 200). 

An insert and a shank embodying the inventive throw^away tipped drill are connected with each other in 
. the system shown in Figs. 2, 3A and 3B. 

In a drill shown in Figs. 2, 3A and 3B, an insert 31 is fitted in a shank 32 along an arrow as shown in 
25 Fig. 2, so that the insert 31 and the shank 32 are connected with each other with no screw or the like, in the 
■ so-called self-grip .system. In the state shown in Figs. 3A and 3B, the insert 31 and the shank 32 are 
connected with each other by this connection system. In such a connection state, side portions of a held 
portion. 31a of the insert i3t are brought into contact with inner end surfaces of holding portions 33a and 33b 
of the shank;32 to cause if rictional force, whereby the insert 31 is fixed to the shank 32. With reference to 
30 Figs. 4A and 4B, the state of such connection of the insert 31 and the shank 32 caused by engagement 
■> therebetween is explained as follows: Before the insert 31 is, engaged witri the shank 32, an angle fli 
formed by the left and right side portions of the held portion 31 a is slightly greater than an angle 82 formed 
by the opposite inner end surfaces of the holding, portions 33a and 33b. When the insert 31 is press-fitted in 
' the shank 32, the angle 82 is gradually expanded by wedge action due to tapering of the jeft and right side 
35 portions of the held portion 31a and a slit 34 provided on the holding portion 33a. When By > 02. the held 
, portion 31a is in contact with the holding portion 33b only at. an, upper end of the inner end surface of the 
holding portion 33a. When 82 reaches 8y , the contact areas between both side portions of the held portion 
31a and the inner end surface of the holding portion 33a are maximized as shown inFig.;4B. The press 
i fitting operation is stopped in this .state, and the holding portion 33a is elastically deformed to cause 
40 / pressing force in the contact surfaces of the same and the held portion 31a, so that. the, insert 31 is 
connected with/fixed to the shank 32 by f rictional force between the contact surfaces. 

.. A coolant supply hole. 35 directly supplies a coolant to the cutting edge of the insert 31. Further, a chip 
breaker 36 is provided on the cutting edge of the insert 31 , jn or-der to part chips. 

■Fig. 5 shows another example .of a shank 32, which is provided with slits 34 npt only in a holding 
45 portion 33a but in another holding portion 33b. In this case, . an insert 31 is press-fitted in the^shank 32 so 
that both holding portions 33a and 33b are simultaneously expanded, thereby holding 3 held portion 31a by 
elastic force thereof. , 

, Characteristics required for a drill are roughly classified into. wear and adhesion resistance for an insert, 
and breakage resistance, which is : represented, by toughness, of a shank. A material for the insert is 
so prepared from a silicon carbide whisker reinforced alumina sintered body for the. following reason: The 
silicon carbide whisker reinforced alumina -sintered, body. is, prepared by introducing silicon carbide (SiC) 
whiskers into an alumina (AI2O3) sintered.-body. ;! which has extremely high- heat resistance and excellent 
wear resistance as. a ,tpo1 among ceramic materials, thereby improving toughness and increasing impact 
resistance. This material has a ( sm all .coeffjcjejit. of friction with respect, to iron, and is. T superior in wear 
55 resistance to a sintered body, of silicon, nitrjde.^SipN*). .Further, .an insert formed of such a silicon carbide 
whisjceii reinforced alumina sintered body is suitable for working of not only workpteces of steel.^nd casting 
but ,an uncuttable material such as a heat-resistant Ni alloy. 
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The content of the silicon carbide whiskers is preferably 3.0 to 40 volume percent since the effect of 
irpprovmg toughness.is reduced if the content is less than 3.0 volume percent, while strength is reduced if 
the content exceeds 40 volume percent. 

The shank, which is made, of steel, is excellent jn toughness and breakage resistance Further the 
material cost can be reduced. 

In the drill embodying the present invention, further, the insert and the shank are disengageably 
■ mechanically connected with each other, whereby it is possible to easily disengage and throw away the 
insert, which is relatively damageable and short-lived. , " ' .. . 

A silicon carbide whisker reinforced alumina sintered body is employed as a material^ the insert and 
steel is employed as.a material for the shank, whereby the insert is excellent in wear resistance, adhesion 
: . resistance and thermal cracking resistance (chipping resistance), while the shank is excellent in toughness 
and the cost can be relatively reduced. Thus, it is possible to provide a throw-away tipped drill having high 
reliability, long life and high quality, which causes no chipping of the insert and abrupt breakage of the 
shank, at a low cost. y 
75 Since the insert and the shank are disengageably mechanically connected with each other the insert 
which is relatively damageable and short-lived, can be eafsily disengaged from the shank to be thrown 
away. Thus, the insert may not be resharpened for continuous use, whereby the cost can be further 
reduced as compared with the conventional drill, whose insert is inseparably integrated with a shank Since 
the drill requires no resharpening.of the insert, dispersion of sharpness and tool life is reduced and the 
20 overall length of the drill can be maintained constant, with no requirement for measurement of the drill 
length. Further, a base material for the insert can be formed by injection molding, whereby it is possible to 
easily form a chip breaker or the like, to further reduce the working cost. 

These and other object, features; aspects and' advantages of embodiments of the present invention will 
. become more apparent from the following detailed description of embodiments of the present invention 
25 when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a structural diagram showing a conventional twist drill; 
30 Fig. 2 is an exploded perspective wiew showing a connection part of the so-called self-grip type drill 
among throw-away tipped drills to which the present invention is applied in an 'enlarged manner; 
' Fig. 3A is a front elevational view of the self-grip type throw-away tipped drill shown in Fig. 2. and Fig 
> 3B is a right side elevational view thereof; 

Fig. 4A is a sectional view taken along the line * - A in Fig. 3A, for illustrating such a state that press 
35 fitting of an insert 31 in a shank 32 is started in the throw-away tipped driilshown in Fig. 2 and Fig 4B 
is a similar sectional view for illustrating such a state that the insert 31 is connected with/fixed to the 
shank 32; and ... 

Fig. 5 is a sectional View illustrating another example of a connection part of the throw-away tipped drill 
shown in Fig. 2, which is provided with slits 34 on both sides of holding portions 33a and 33b 

40 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are now described. 

A throw-away tipped drill according to first embodiment of the present invention is formed by preparing 
45 an insert from a silicon carbide whisker reinforced alumina sintered body and disengageably mechanically 
connecting the same with a shank of steel in the system shown in Fig. 2. 

Table 1 shows composition values of various powder materials for silicon carbide whisker reinforced 
alumina sintered bodies forming inserts of inventive and comparative samples. Table 1 also shows steel 
materials for shanks of embodiments of the invention and comparative samples. In the inventive and 
so comparative samples shown in Table 1, inserts and shanks are connected with each other in the system 
shown in Fig 2. In the samples A to D, the sample D does not fall within the scope of the present invention 
as defined in claim 1 because the content (volume percent) of SiC whiskers is in excess of the defined 
range. As to the comparative sample E, the material for the insert contains no SiC whiskers. As to the 
comparative sample F, the material for the shank is prepared from a K30-grade cemented carbide material 
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Table X , 



Sample 




Shank 


starting composition (vol.; J 




Sanples 

errtxxiying the 
invention 


A 


SiC Whisker (20), TiC powder (3), Al z 0 3 powder (Rest) 


SCM435 


» 


SiC Whisker (15), MgO (0.3), Y 2 0 3 (3). Al 2 0 3 Powder (Rest) 


S2CS2 


C 


SiC Whisker (30), Zr0 2 (3.0), Al 2 0 3 powder (Rest) 


SCM415 


Comparative 
Sample 


D 


*SiC Whisker (30>, TiN powder (5), At 2 0 3 powder (Rest) 


: SCM435 


E 


♦TiC (10), Y 2 0 3 (3), Al 2 0 3 powder (Rest) 


SCM435 


F 


SiC Whisker (20), TiN powder (5), At 2 0 3 powder (Rest) 


rC30- 

Grade 

Cemented 
' Carbide 



75 



20 



* : out of invefitive scope 



Performance evaluation tests for the aforementioned samples were made on drills of 8 mm in diameter, 
under the, following conditions:- ■ 
25 Workpiece: Inconel 718 

Cutting Speed: 100 m/min., dry type (water-soluble cutting oil) 
Feed Rate: 0.12 mm/rev. 

Depth of Cut: 25 mm - , 

Criterion: Tip conditions etc. were observed after working up to end of life. - v 
30 Life: Generally regarded as ended when the^outer peripheral flank, was worn by at least 0.2 mm. 

Table 2 shows the results of the aforementioned 15 t performance evaluation- tests. Excellent results" were 
obtained as to the samples A to C embodying the invention. The cutting by. the sample D was stopped after 
cutting 620 holes due to heavy damage of the insert thereof, which was caused by the content of Si 
whiskers in the insert being out of the range of 3.0 to 40 volume percent. For the purpose of reference, 
35 similar experiments were made as to four types of conventional drills as shown in |the lowerpart of Table '2. 
tt -is understood from the results that the samples A to C. embodying the invention are superior also to such 
conventional drills. - ' 

By the way, it is experimentally confirmed that the, silicon carbide whisker reinforced alumina sintered 
body of thejnsert can effectively contain a carbonitride, a carbonized oxide or an oxide of titanium, instead 
40 of TiC or TiN. 
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Second Embodiment of the present invention is now described. 

In this Example, samples of throw-away tipped drills were formed by inserts and shanks of the same 
materials as those for the sample A of first Example, to compare cutting characteristics as to the connection 
system for the self-grip drill shown in Fig. 2 (sample G) and a comparative sample of a brazed drill, having 
an insert of cemented carbide (sample J). Cutting conditions were as follows: 
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Workpiece: S50C, H B = 220 

Cutting Speed V:-50 m/min. and 150 m/min. (water-soluble cutting oil) * 
Feed Rate: 0.2 mm/rev. 

Depth of Cut: 40 mm , 

Diameter of Worked Hole; 20 mm 

Table 3 shows the results of the evaluated characteristics. 

Cutting characteristics, represented by stability, can be regarded excellent as horizontal components 
and thrusts of cutting balance acting on the drills by cutting resistance are reduced and' values of speed 
dependency are reduced. * * . ' 

From the results it is understood that 'the self-grip system of the sample G attains excellent cutting 
characteristics. . 1 1 > 



EP 0 441 302 B1 



S u 



O in 



4) u 

HUE 

a >n 
s o *~ 



3 

a* 
u — 

o ' *~i 



3 e 



n c 4) c j 
co a) e — * co 

£-. h-i; Cj C 
U CO CD CO 

aj to o 
3 a; *'~* »q cd 

U_ « (D fl] TD 
— • C X3..Q CO 

eo--H co co 

o ch a w o 

"H C *H CO Q_ tA 

~" "H CO Q 

J r > c r 
J= *- < - U I' 



i 

3 



Q. 




£ 




CO 


<D 


CO 






JD 


ttt 


CO 


jC 


(— 








c 


u_ 




O 






< 


-X 




c 




CO 






a 




E . 




CO 


"O 


CO 


C 




CO 






o 






u 


CO 


0J 


CO 


W 


.o 


c 


-C 


•<H 


J-> 


»;c-< 


o 


"o 














o 


CO 


u 








J-> 


OJ 


c 




CJ 


- co 


"D 


21 





« 01 , 



C 

00 o _ 

C M O 

fi -h a 

Wi G 

*i o o 

3 5 g 




5 C 

V 

v S 
a. w 

-O O 



b.u.i Apo quia + a ( ^duie s 



Although embodiments of. the present invention } have been described i and .illustrated in detail, it is 
clearly understood that the same js by way of Hiustratjorl and^ example only and is -not to be taken by way of 
'limitation, the 'scope of' the present invention .'being /limited '.only by the terms of the appended claim 1. 
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Claims 

1. A throw-away "tipped drill comprising an insert (31) for cutting a workpiece and a shank (32) made of 
steel to be mounted on a prescribed position of a cutting machine, said insert (31) being disengageably 

5 mechanically connected with said shank, both having portions to be engaged with each other 
respectively, wherein said insert (31) is formed of a silicon carbide whisker reinforced alumina sintered 
body of alumina containing 3.0 to 40 volume percent of silicon carbide whiskers, containing further a 
carbide, a nitride, a carbonitride, a carbonized oxide or an oxide of titanium and/or ZrC>2 and/or MgO, 
NiO and/or Y 2 03, and wherein said shank (32) is . provided with left and right holding portions (33a, 

;o 33b), each having an inner end surface, one or either both of said holding portions being provided with 
a slit separating the inner end surface or surfaces respectively, so that the opposite inner end surfaces 
are relatively moved and elastically deformed upon engagement with the held portion (31a) of said 
insert (31) by elastic force following elastic deformation of said holding portions (33a, 33b) caused upon 
engagement, thereby fixing said insert (21) to said shank (32). 

15 , 

2. A throw-away tipped drill in accordance with claim 1/ wherein said holding portions and the held 
portion (31a) provided in said insert (31) are tapered. 1 

3. A throw-away tipped drill according to claim 2, wherein said portions are tapered at such angles that 
20 said inner end surfaces and said held portion are brought into surface contact with each other in a 

press-fitted state. ' 

4. A throw-away tipped' drill in accordance with one of the preceeding claims, wherein said steel forming 
said shank (32) is prepared from SCM-materiai or an SKS-material: 

PatentansprUche 

1. Bohrer mit Wegwerfspitze mit einem Einsatz (31) zum Schneiden eines Werkstucks und einem Schaft 
(32) aus Stahl, urn in einer yorgeschrtebenen Stellung einer Schneidemaschine angebracht zu werden,. 

30 wobei der Einsatz (31) mit dem Schaft losbar mechanisch verbunden 1 ist, wobei beide Abschnitte 
aufweisen, urn jeweils miteinander in Eingriff zu kommen, wobei 'der Einsatz (31) aus einem mit 
Siliciurncarbideinkristallfaden verstarkten, gesinterten Aluminiumoxia'korper aus Aluminiumoxid besteht, 
der 3,0 bis 50 Vol.-% Siliciumcarbideinkristallfaden enthalt. der weiterhin,' ein Carbid, ein Nitrid. ein 
Carbonitrid, ein verkohltes Oxid oder ein Titanoxid und/oder Zr02 und/pder MgO, NiO und/oder Y2O3 

35 enthalt. und wobei der Schaft (32) mit linken und rechteh Haltebereichen (33a, 33b) ausgestattet ist. die 
jeweils eine innere Endflache aufweisen. wobei ein Haltebereiche Oder beide mit einem Schlitz 
versehen ist bzw. sind, der die innere Endflache bzw. inneren Endflachen trennt, so daf3 die gegen- 
uberliegenden inneren Endflachen bei Eingriff mit dem gehaltenen Bereich (31a) des Etnsatzes (31) 
durch die elastische Kraft reiativ bewegt und elastisch deformiert Werden. -die auf die elastische 

40 Deformierung der Haltebereiche (33a, 33b) fotgt, 'die durch den Eingriff bewirkt wird, wodurch der 
Einsatz (31 ) an dem Schaft (32) befestigt wird. 

2. Bohrer mit Wegwerfspitze nach Anspruch 1 , dadurch gekennzeichnet, dafl die Haltebereiche und der 
gehaltene Bereich (31 aj] der in dem Einsatz (31) vorgesehen ist.'verjungt sind. 

45 > 

3. Bohrer mit Wegwerfspitze nach -Anspruch 2,- dadurch gekennzeichnet, dafi die Bereiche unter 
solchen Winkeln verjungt sind, das die inneren Endflachen und der gehaltene Bereich in Oberflachen- 
kontakt miteinander in einem Preflsitzzustand gebracht werden. " ' 

so 4. Bohrer mit Wegwerfspitze nach einem der vorhergehenden AnsprUche, dadurch gekennzeichnet 
dafl der Stahl, der den Schaft (32) bildet, aus SCM-Material Oder einem SKS : Material hergestellt ist. 

Revendlcatlons 

55 1. Foret a piaquette' jetable corriprenant une piece d'insertion (31) poiir.decouper une piece a usiner et 
une tige (32) faite d'acier destinee a etre montee sur un point present d'une machine de coupe. ladite 
piece ^'insertion (31) etant raccordee mecaniquement be fagon demontable a ladite tige. toutes deux 
ayant des parties destinees a venir en contact Tune avec I'autre respectivement. dans lequel ladite 
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piece d'insertion (31) est formee d'un corps en oxyde d'aluminium fritte, renforce par barbes de 
carbure de silicium, contenant 3,0 a 40 pour cent en volume de barbes de carbure de silicium, 
contenant en outre un carbure, un nitrure, un carbonitrure, un oxyde cemente* ou un oxyde de titane 

.et/ou 2r0 2 et/ou MgO, NiO et/6u Y 2 0 3 , et dans lequel ladite tige (32) est munie de parties de retenue 
gauche et droite (33a, 33b), chacune ayant une surface terminale interieure, Tune des parties ou les 
deux parties de retenue etant munie(s) d'une fente separant la ou les surface(s) terminale(s) interieure- 
(s) respectivement, de sorte que les surfaces terminales interieures opposees sont relativement 
deplacees et d^formees efastiquement lorsqu f elles viennent en contact avec la partie retenue (31a) de 
ladite piece d'insertion (31) sous l'effet d'une force elastique qui suit la deformation elastique desdites 
parties.de retenue (33a, 33b) causee par \a mise en contact, ce qui fixe ainsi ladite piece d'insertion 

- (31) a ladite tige (32). 

Foret & piaquette jetable seion ia revendication 1, dans lequel lesdites parties de retenue et la partie 
retenue (31a) formee dans ladite piece d'insertion (31) sont effilees. 

Foret a piaquette jetable selon la revendication 2, dans lequel lesdites parties sont effilees selon des 
angles tels que lesdites surfaces terminales interieures et ladite partie retenue sont amehees en contact 
de surface les unes avec les autres dans uri etat d'ajustement serre. 

Foret a piaquette jetable selon I'une quelconque des precedentes revendications, dans lequel ledit 
acier formant ladite tige (32) -est prepare a partir d'un materiau SCM ou un materiau SKS. 
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FIG. S 
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